Introduction
============

Urethral stricture is an abnormality in which there is scarring process that involves the epithelium and corpus spongiosum, causing narrowing of the urethra.[@b1-rru-10-227] In general, the incidence of urethral stricture is estimated to be 0.6% of the population.[@b2-rru-10-227] Incidence varies. In the United States, the Veterans Hospital reported that 193 of all 100,000 outpatients suffered from urethral stricture in 2003.[@b3-rru-10-227] In Indonesia, 128 urethral stricture patients underwent surgery in 6 years in Cipto Mangunkusumo Hospital, 316 patients were recorded with urethral stricture in 4 years in Soetomo Hospital, and 221 patients with urethral stricture during 2007--2013 in Hasan Sadikin Hospital. The incidence of urethral stricture is quite high in Indonesia, a developing country.

Urethral stricture may be caused by inflammation, trauma or iatrogenesis. Trauma has been reported as the most common etiology (up to 88.6% of cases), with trauma due to fall from a height being the most common (44.3%).[@b4-rru-10-227] Palmienteri et al reported that 38.6% were iatrogenic, of which 16.3% were due to catheter placement, 12.2% a result of hypospadias surgery, and 9.1% a result of transurethral surgery.[@b5-rru-10-227] Management of urethral stricture consists of dilatation of the urethra, internal urethrotomy, urethral stent placement, and reconstruction surgery. These procedures have not given a satisfactorily result, as urethral strictures may recur. The incidence of recurrent urethral stricture is up to 47.6% in patients with dilatation and having received internal urethrotomy.[@b6-rru-10-227]

The pathophysiology of urethral stricture is not entirely clear. Fibrosis is often associated with excessive deposition of extracellular matrix components, including collagen. Disrupted degradation of the extracellular matrix resulting in matrix deposition in the remodeling phase. MMP plays a major role in tissue remodeling. The role of MMP and TIMP is also evident in other organs, such as the heart, bone, and skin.[@b7-rru-10-227]--[@b9-rru-10-227] The aim of this study was to investigate the roles of MMP1, TIMP1, and MMP1:TIMP1 ratio at the remodeling phase of urethral stricture and their correlation with collagen formation.

Methods
-------

The study was an experimental animal study performed in the Surgery and Radiology Division of the Clinical Reproduction and Pathology Department, Faculty of Veterinary Medicine, Bogor Institute of Agriculture, Bogor, Indonesia. Laboratory examination was performed in Department of Pathological Anatomy, Faculty of Medicine, Universitas Indonesia, Jakarta and the Eijkman Institute for Molecular Biology, Jakarta. Animal models were New Zealand male rabbits weighing 3--4 kg, and research was carried out in accordance with the Animal Ethics Committee of Bogor Institute of Agriculture (02-2012 IPB).

Rabbits were divided randomly into two groups. Group 1 consisted of 20 rabbits as a urethral stricture model group, and group 2 consisted of 20 rabbits as a control group. Initially, rabbits were housed in standard cages (60×50×40 cm) for 7 days, where they were fed 100 g twice a day and given drink ad libitum. On day 5, rabbits were given an antibiotic (enrofloxacin 5 mg/kg), anthelmintic (ivermectin 0.02 mg/kg), and antiparasitic (albendazole 5 mg/kg). Rabbits were fasted on the evening prior to surgery. Anesthesia comprised ketamine (Ilium; Troy Laboratories, Sydney, Australia) 35 mg/kg, and xylazine (Troy Laboratories) 10 mg/kg intra-muscularly. The urogenital area was cleaned, shaved, and disinfected with povidone iodine.

In group 1, procedures were carried out in accordance with the methods of Scott and Foote, in which a sagittal incision as long as 1 cm was made on the urethra (two-thirds diameter of urethra) up to the mucosa.[@b10-rru-10-227] By using an electro-coagulation device, coagulation was performed on the entire circumference of the urethra to the mucosa. Then, the area was sutured into the corpus spongiosum with a polydioxanone suture (PDS II 6.0). The coagulated side of the urethra was marked with 3.0 silk. Then, the skin was sutured with 3.0 silk. In group 2 (control group), Scott and Foote procedures were followed, but the urethra remained intact. Then, the corpus spongiosum was sutured with the PDS. The incised urethral side was marked with silk 3.0. The skin was closed with silk 3.0.

Four rabbits from each group were euthanized on days 7, 14, 21, 28, and 56. Part of the urethra tissue were taken by penectomy that was performed 1 cm proximally from the intervention area. Part of this was taken as a specimen. Urethral specimens were put in 10% formalin for 24 hours and then made into paraffin blocks. Some samples were put in Eppendorf tubes and then placed in a box containing dry ice for the frozen section. Specimens were then transferred to closet storage at −80°C and stored until they were examined using ELISA. Urethra tissue or specimens were examined by the Indonesian Eijkman Institute. Specific ELISA examinations for rabbits were carried out by laboratory staff under the supervision of researchers at the Eijkman Institute.

Protein extractions were performed and subsequent examinations of enzyme levels of MMP1 and TIMP1 using ELISA specific for rabbit done. Urethral stricture was assessed during urethral catheter insertion. Histopathological examination with H&E and total collagen examination with Masson trichrome were performed. Calculation of total collagen was done with ImageJ 1.46q. General linear model analysis was carried out to distinguish observation-time trends (days 7, 14, 21, 28, and 56) in the control and urethral stricture group.

Results
=======

The average weight of all rabbits was 3.2 kg. Average rabbit weight in group 1 (urethral stricture group) was 3.22 kg, while that in group 2 (control group) was 3.24 kg. All rabbits lived until the end of each observation day group (days 7, 14, 21, 28, and 56). Euthanasia were done at the end of study.

H&E examinations
----------------

### Urethral mucosa epithelium

On day 7, epithelialization of the control group and the urethral stricture group was completed. The difference between the two groups was that the control group had normal epithelia with pseudostratified columns, while the urethral stricture group had epithelial hyperplasia with pseudostratified columns. This situation was evident until day 56.

### Subepithelium

On day 7, the control and urethral stricture groups both had chronic inflammatory cells, longitudinal muscle, and vascular congestion, but in the urethral stricture group, acute inflammatory cells were found. On days 14 and 21, neither the control nor the urethral stricture group had acute inflammatory cells, but there was evidence of chronic inflammatory cells, longitudinal muscle, and fibrosis. Differences in density were noted on day 21, where the urethral stricture group had denser fibrosis and vascular congestion. On days 28 and 56, neither the control nor urethral stricture group had acute inflammatory cells or vascular congestion, but there were chronic inflammatory cells and longitudinal muscle. The urethral stricture group had denser fibrosis on day 56.

Masson trichrome examination
----------------------------

On day 7, the control group appeared to have normal epithelia, and in subepithelia there was collagen connective tissue. On the next day, we observed density in collagen changes up to day 56. In the urethral stricture group, epithelialization appeared to be complete. Collagen connective tissue was found under the epithelium from day 7. Collagen was a major component of connective tissue below the epithelium on the next day. Density increased with time until day 56. Collagen also appeared to infiltrate the muscle. The percentage of total collagen was calculated using the program ImageJ 1.46q. In the control group, from day 7 to day 28, total collagen percentage ranged 51%--54% and up to 61% at day 56 ([Table 1](#t1-rru-10-227){ref-type="table"}). In the urethral stricture group, from day 7 to day 56 there was an increase in total collagen percentage of 31%--61.5% ([Table 1](#t1-rru-10-227){ref-type="table"}). The percentage of total collagen in the urethral stricture group was lower than in the control group on days 7--21. The percentage of total collagen in the urethral stricture group was higher than the control group on day 56. To assess whether there were differences in total collagen levels between groups, statistical tests were performed using general linear model techniques, and *P*=0.035 was obtained. Based on these results, because the data were not normally distributed, they are given as medians with ranges.

MMP1-examination results using ELISA
------------------------------------

The level of MMP1 was examined using a rabbit-specific ELISA. In the control group, MMP1 in urethral tissue varied, with a tendency to stabilize ([Table 2](#t2-rru-10-227){ref-type="table"}). In the urethral stricture group, MMP1 in the urethral tissue tended to decrease from day 7 to day 21. On the next day, the levels of MMP1 in urethral tissue tended to increase ([Table 2](#t2-rru-10-227){ref-type="table"}). MMP1 in urethral tissue in the urethral stricture group was higher than the control group on days 7 and 14. while on days 21--28 MMP1 levels in urethra tissue in the urethral stricture group were lower than in the control group ([Figure 1](#f1-rru-10-227){ref-type="fig"}). To assess whether there was any difference in urethra-tissue MMP1 levels between groups, a test was conducted using general linear model techniques, and *P*=0.035 was obtained.

TIMP1-examination results using ELISA
-------------------------------------

TIMP1 levels were examined using rabbit-specific ELISA. In the control group, TIMP1 levels in urethra tissue were varied. In the urethral stricture group, TIMP1 levels in urethra tissue were likely to increase from day 7 to day 28. On the next day, TIMP1 levels in urethra tissue tended to decrease ([Table 3](#t3-rru-10-227){ref-type="table"}).

TIMP1 levels in urethra tissue in the urethral stricture group were lower than the control group on days 7 and 14. while on days 21, 28, and 56 TIMP1 levels in urethral stricture group tissue were higher than the control group ([Figure 2](#f2-rru-10-227){ref-type="fig"}). To assess the difference in TIMP1 in urethra tissue between groups, a test was conducted using general linear model techniques, and *P*=0.037 was obtained.

Correlation of total collagen with MMP1 and TIMP1 levels
--------------------------------------------------------

Assessment of the correlation between the percentage of total collagen by MMP1 and TIMP1 levels was done using the Spearman test, with the following results. There was a weak correlation between MMP1 and total collagen (*r*=0.561, *P*=0.1) and no correlation between TIMP1 and total collagen (*r*=0.307, *P*=0.188).

Discussion
==========

Our study showed that the epithelialization process was complete in urethral stricture tissues and the epithelium became hyperplastic or metaplastic. For urethral stricture that occurs in humans due to trauma, the epithelium changes from simple stratified to stratified squamous.[@b4-rru-10-227],[@b11-rru-10-227] Stratified epithelium or metaplasia is very fragile and can be easily stretched during micturition, such that it can cause a fistula or even ulcers on the mucosa of the urethra. When the fistula or ulcers are formed, they will create fibrosis in the subepithelial layers.[@b4-rru-10-227] Proximal epithelia found in urethral stricture will change to metaplastic through chronic pressure during micturition.[@b4-rru-10-227],[@b12-rru-10-227],[@b13-rru-10-227]

In subepithelial tissue in urethral stricture, there was an ongoing inflammatory process that extended to acute inflammatory cells encountered. In urethral stricture patients that do not receive urination diversion as treatment, there is also settled inflammation in urethral tissue.[@b14-rru-10-227],[@b15-rru-10-227] Fibrosis density also looked more solid, and conversely increased with total collagen percentage until the 56th day. Collagen quantification in this experiment was assessed using ImageJ program for Masson trichrome coloration. In other experiments, collagen quantification was done by calculation of hydroxyproline percentage. Da Silva et al found that tissue in urethral stricture had collagen levels up to 32.3%, higher than in normal urethral tissue.[@b7-rru-10-227] Baskin et al found that there was no significant difference between collagen level in urethral stricture tissue and normal urethral tissue. However, they did not use an adequate control group in his study, there was a difference in composition between the two groups.[@b16-rru-10-227] Difference in type I collagen:type III collagen ratio have also been found in some studies[@b16-rru-10-227] on urethral stricture tissue and normal urethral tissue.

There were differences in percentage of total collagen in the control group. The percentage of type I Collagen decreased until day 28, illustrated by changes in collagen composition. The percentage of type I collagen increased again on the 56th day. This showed that there was a change in extracellular matrix collagen. This finding was different from other studies, because the remodeling phase was ongoing. Other research has shown increases in type I collagen:type III collagen ratio of 1.9:1--4.8:1.[@b17-rru-10-227] This then causes changes in urethral lumen diameter, obstruction, patient complaints, and urodynamic flow.[@b7-rru-10-227] This study found no difference in percentage of type I collagen between the two groups.

MMPs are very important enzymes, due to their function in the development of healthy tissue, especially in remodeling the extracellular matrix. The main physiological function in the remodeling phase is to degrade the extracellular matrix. In this study, low levels of MMP1 were found. Day 7 showed an acute phase of trauma that was characterized by higher levels of MMP1. MMP1 was lower in the treated group than the control group, and decreased until day 21. Macromolecular structures found in MMP are needed during the developmental and morphogenesis phases, and also play a role in the architecture and homeostasis of tissue. This enzyme can degrade components of the entire extracellular matrix.[@b18-rru-10-227] In this study, there was a difference in MMP1 levels between the treated and control groups. Decreased MMP1 activity was also found in pathological processes in other organs, such as the liver, lungs, and even coronary blood vessels. In this study, it was found that MMP1 decreased to low levels such that it almost could not be detected. This was similar to findings in other studies on fibroproliferative disease, such as hypertrophic cardiomyopathy.[@b19-rru-10-227],[@b20-rru-10-227] Maximum MMP1 levels were different from one another, depending on the organs that were involved. In this study, we found that the maximum MMP1 levels were reached on days 7 and 28. The maximum level that was found on day 7 showed that inflammatory processes were still happening, and the maximum level found on day 28 showed that inflammatory processes had finished. MMP1 increases were accompanied by increased TIMP1 levels.

Reparation and formation of connective tissue occurs when there is a balance between the degradation and replacement of extracellular matrix that is controlled by MMP1 and its inhibitors -- TIMPs.[@b19-rru-10-227],[@b21-rru-10-227] TIMPs have a role in MMP1 function and also in the remodeling phase of the extracellular matrix. TIMPs also have antiapoptotic effects. TIMP1 serves as a potent inhibitor of MMP1 that organizes regulation of the extracellular matrix. Levels of TIMP1 to day 14 were lower, and increased until the end of the study. This showed that the formation of TIMP1 was slower. However the level was higher in the urethral stricture group on following days. This showed imbalanced extracellular matrix degradation. TIMP1 levels in the urethral stricture group were increased on day 21. This happened as a reaction to the increased level of MMP1 activity, similar to what has been found in other fibroproliferative disease. TIMP controls the activity of MMP by inhibiting its active form and also by inhibiting the activation of MMP. This inhibition is reversible. There are four types of TIMP: TIMP1, TIMP2, TIMP3, and TIMP4. TIMPs are produced by many cells in various conditions, though generally TIMPs can inhibit any type of MMP, but with various levels of inhibition. TIMP also has a role in cell development. There were differences in TIMP1 levels in the control group.

Connective tissue turnover was not only affected by expression levels or levels of MMP and TIMP but also by the ratio between MMP and TIMP.[@b20-rru-10-227] Extracellular matrix deposition depends on the balance of activity of MMP and TIMP enzymes. The ratio between MMP1 and TIMP1 represents the balance of the extracellular matrix. MMP1:TIMP1 ratios decreased on days 21--56. This ratio is an important addition to MMP1 and TIMP1 levels. Further research is needed to determine the ideal ratio for the balance of the extracellular matrix of the urethra. Ulrich et al found that a change in balance in MMP and TIMP levels occurred without actual changes in either enzyme's level.[@b22-rru-10-227] Peters et al found that imbalanced levels between MMP and TIMP will cause an accumulation of extracellular matrix and thus decrease tissue compliance.[@b22-rru-10-227] Fibrosis occurs as a result of the imbalanced levels of MMP and TIMP. Collagen synthesis that is faster than its degradation will cause an increased level of collagen. The fibrosis that happened in this study was relatively hypocellular. This may have happened because of incomplete degradation of extracellular matrix, and recently many studies have suggested inhibiting fibrotic changes by changing the levels of MMP.[@b23-rru-10-227],[@b24-rru-10-227] TIMP has a unique role, as it inhibits only MMP, but also activates MMP.

There was a correlation in subepithelial variables. A weak positive correlation between MMP1 levels and total collagen percentage was found. The decreased level of MMP1 will cause an increase in collagen levels and thus fibrosis. Fibrosis is not only caused by an increase level of collagen deposition but also by a decreased level of collagen degradation. No correlation was found between TIMP1 levels and percentage of total collagen, and nor was there any correlation between MMP1 and TIMP1 levels with percentage of collagen type I. The weak or no correlations found in this study do not mean that there are conflicts in results with previous research. This was an in vivo study, which distinguishes it from other studies. In in vivo study, there is interaction among many variables and growth factors that play a role in the healing process of the urethra, so the correlation is not linear. If correlation tests are performed, results may not be statistically significant. Animal studies have limitations on the number of samples. This is stipulated in regulations on animal welfare. The lower number of samples tends to provide statistically insignificant results.

Conclusion
==========

Urethral stricture is not only caused by collagen decomposition but also by an imbalance in extracellular matrix degradation, which is marked by decreased MMP1 levels and MMP1:TIMP1 ratio and increased TIMP1 levels. Our study also provides an overview of the involvement of MMP1 and TIMP1 in urethral stricture. It is expected that numerous studies will aim to determine a variable whose role is to prevent the occurrence of urethral stricture, and hopefully be inspired by our study. Future research can be directed toward modulating MMP1 and MMP1:TIMP1 balance to reduce or prevent urethral stricture.
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![MMP1 levels in the urethral stricture group were lower than the control group on days 21 and 28.](rru-10-227Fig1){#f1-rru-10-227}

![TIMP1 levels were higher in the urethral stricture group than the control group on days 21, 28, and 56.](rru-10-227Fig2){#f2-rru-10-227}

###### 

Proportions of total collagen in control and urethral stricture groups by observation time

  Observation day   Control (%) Median (range)   Urethral stricture (%) Median (range)
  ----------------- ---------------------------- ---------------------------------------
                                                 
  **Day 7**         54.25 (47.4--61.1)           31.25 (23.0--39.5)
  **Day 14**        51 (43.9--58.1)              44.2 (27.8--60.6)
  **Day 21**        53.5 (48.1--58.9)            51.25 (33.2--69.3)
  **Day 28**        51.45 (41.9--61.0)           57.75 (47.0--68.5)
  **Day 56**        60.95 (54.7--67.2)           61.5 (48.4--74.6)

###### 

MMP1 levels in urethra stricture and control groups by observation time

  Observation day   Control (%) Median (range)   Urethral stricture (%) Median (range)
  ----------------- ---------------------------- ---------------------------------------
                                                 
  **Day 7**         2.32 (2.15--2.50)            2.5 (2.25--2.75)
  **Day 14**        2.47 (2.25--2.70)            2.47 (2.30--2.65)
  **Day 21**        2.9 (2.45--3.35)             2.5 (2.35--2.65)
  **Day 28**        4.1 (3.50--4.70)             3.12 (2.55--3.70)
  **Day 56**        3.02 (2.30--3.75)            3.35 (3.10--3.60)

###### 

TIMP1 levels in urethral stricture and control groups by observation time

  Observation day   Control (%) Median (range)   Urethral stricture (%) Median (range)
  ----------------- ---------------------------- ---------------------------------------
                                                 
  **Day 7**         0.925 (0.25--1.6)            0.17 (0.04--0.3)
  **Day 14**        0.125 (0.07--0.18)           0.145 (0.01--0.28)
  **Day 21**        0.055 (0.04--0.07)           3.65 (0.22--7)
  **Day 28**        1.035 (0.07--2)              4.015 (0.23--7.8)
  **Day 56**        0.215 (0.05--0.38)           1.445 (0.19--2.7)
